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Perturbed electromagnetic fields superposed on 
an equilibrium magnetic field make the parti-
cle orbits stochastic or chaotic, when the ampli-
tudes are large enough to make orbital instability 
or the corresponding Leapunov exponents posi-
tive. Thus, the deterministic description of par-
ticle trajectory may be transformed into a statis-
tical description even without Coulomb collision, 
so that temporal behavior of the stochastic par-
ticle motion is regarded as a stochastic process. 
Usually, such a stochastic process is treated as a 
diffusion process. The diffusion process is such 
a stochastic process that the stochastic variables 
at an arbitrary time t behave, in a small time in-
terval T, as a Gaussian process with a constant 
diffusion coefficient and the power law autocorre-
lation: 
C2(T) 
A(t, t + T) 
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(2) 
where r' is the particle position in the r-direction 
at time t. On the other hand, before the particle 
orbits become stochastic, a ballistic phase exists 
where dynamical information of particle orbits 
still remains. Let (!1t,!1r) be the time interval 
of the ballistic phase and the radial displacement 
in this interval. If the system has an intrinsic 
properties to behave as a diffusion process un-
der adequate conditions, then the diffusion coef-
ficient is roughly evaluated as D rv (!1r)2/(2!1t). 
Let (T, L) be the characteristic time and length 
of the system ( note that there is a situation 
that L happens to be a system size), then the 
time that particles diffuse whole of a system is 
T£ rv L2/(2D) rv !1t/ R2 where R _ !1r / L. Thus, 
depending on the magnitude of R, the time evolu-
tion of the ensemble of test particles is categorized 
as shown in Tab. 1 , where the characteristic time 
T is treated as a given constant expressing the end 
of the observation. In Tab. 1 , the radial transport 
process described as a Brownian process in an in-
finite domain is usually created by the Coulomb 
collision, where the locality is sufficiently satis-
fied. However, once perturbed electromagnetic 
fields making the orbital instability are super-
posed (Rc « R « 1), the diffusion process with 
fairly non-local orbits appears, leading to a al-
most uniform mIXIng state. When the !1r be-
< comes the order of L, namely, R rv 1, the process 
is not a diffusion process, but a relaxation pro-
cess. The above argument is based on the space-
time scale separation, so that the categorization 
in Tab.1 may be applicable to both magnetic 
and electrostatic perturbations. Thus, electro-
magnetic perturbations satisfying Rc « R « 1 
make a diffusion process showing micro-mixing. 
In Fig.1, as an example, the mean square dis-
BrownIan process ~t «'1 «'1£ 
in an infinite domain 
(diffusion process) R« 1 
mIcro-mIXIng f3.t « '1 £ « '1 
(diffusion process) Rc«R«1 
macro-mIXIng ~t rv '1£ «1 
(relaxation process) R~ 1 
Table 1: space-time scale separation of stochastic 
processes 
placement C2 ( t) is shown for magnetic (solid line) 
and electrostatic (dashed line) perturbations. Af-
ter the ballistic phase with C 2 ( t) ex t 2 , a normal 
diffusion with C2 ex t appears, leading to almost 
steady mixing state with constant C2 . The ballis-
tic phase continues up to the transit time of the 
passing particles (!1t rv !1t ). 
Figure 1: The time evolutions of the second 
cumulant C2(t) of stochastic particle orbits. 
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